Background and Purpose-There are limited prospective cohort studies of the well-known association between stroke events and serum lipids for the Taiwanese population, in whom stroke is the second most common cause of death. Methods-This report describes the effect of dyslipidemia on the risk of stroke in a community-based cohort consisting of 3602 adults aged Ն35 years, established in 1990 in the Chin-Shan community in Taipei County, Taiwan. Results-As of the end of 1998, 97 stroke incidence cases were identified from medical records and death certificates (53 in men and 44 in women). The female-to-male stroke event rates increased from 0.42 in the youngest group (aged 35 to 44 years) to 1.38 in the oldest (aged Ն75 years). Multiple Cox proportional hazard regression models controlling for age and sex revealed that individuals with serum apolipoprotein A-I (apoA-I) at the highest quartile were more likely to have a stroke event than those at the lowest quartile level (relative risk [RR]ϭ2.02, P for trendϭ0.010). The corresponding risk of stroke predicted by apolipoprotein B (apoB) was also significant (RRϭ1.88, P for trendϭ0.020).
D yslipidemia, including high serum cholesterol, triglyceride, and LDL-cholesterol (LDL-C) levels and low HDL-cholesterol (HDL-C) levels, has been widely accepted as a risk factor for deaths from cardiovascular diseases in white populations. Apolipoprotein A-I (apoA-I) and apolipoprotein B (apoB) are also identified as risk factors for cardiovascular and possibly cerebrovascular diseases. 1, 2 In the past decades, dyslipidemia has been prevalent in the Taiwanese populations, and the trend toward increasing incidence seems to continue. 3 However, the impact of dyslipidemia on stroke events remains to be determined for Chinese populations.
Cerebrovascular disease was the most lethal disease in Taiwan before 1982 and since then has remained the second most lethal disease. The prevalence of stroke in Taiwan was as high as 1642/100 000 for the population aged Ն36 years and was composed of the following: cerebral infarction, 67%; cerebral hemorrhage, 14%; subarachnoid hemorrhage, 4%; and unclassified events, 15%. 4 Hu et al 5 followed up 8562 stroke-free persons in northern Taiwan beginning in 1986 for 4 years; 61 men and 43 women developed first-ever strokes, with an average annual incidence rate of 330/100 000, consisting of the following: cerebral infarction, 71%; cerebral hemorrhage, 22%; subarachnoid hemorrhage, 1%; and unclassified, 6%. Hypertension and high sodium content in food were found as risk factors.
The association of hypertension, diabetes, and serum total cholesterol levels with the risk of stroke has been well established. 6, 7 It is not clear whether the lipid association pertains to apoA-I and apoB. 1, 8 Hu et al 5 have shown that hypertension is the major risk factor for stroke in Taiwanese. They did not observe a relationship between serum lipids and stroke.
A community-based prospective cohort study was established in the Chin-Shan community in Taipei County, Taiwan, in 1990 to investigate cardiovascular events and related risk factors for the Chinese population. 9 -11 This study emphasized the effect of lipids on cardiovascular events. 9, 12 The present report focuses on the impact of apoA-I and apoB on stroke events, including morbidity and mortality in the follow-up period. We measured the sex-and age-specific stroke events in a 9-year follow-up and the relative risk (RR) of dyslipidemia associated with the stroke events in a novel Asian population.
Subjects and Methods

Study Design and Population
The design of this study cohort has been described elsewhere. 9 Briefly, a study cohort consisting of 1703 men and 1899 women aged Ն35 years, homogeneous in Chinese ethnicity, was established in 1990 in Chin-Shan township, 30 km north of metropolitan Taipei, Taiwan. A clinic was set up at the Chin-Shan Community Health Center, and cardiologists from National Taiwan University Hospital conducted the medical examinations with the approval of the hospital institutional review committee. All people who were eligible (nϭ4349) in all households were invited to participate in this study. Persons with previous myocardial infarction and stroke were not excluded from this cohort, but we did not include their survival time if the study outcome was coronary heart disease or stroke. The nonrespondents included 95 persons who refused and 652 individuals working outside of the local community (respondent rate, 82.8%).
At the baseline survey, all study participants were individually interviewed with the use of a structured questionnaire. Trained medical students canvassed door-to-door with the assistance of community leaders to extend invitations for the baseline survey to collect information, including sociodemographic characteristics, lifestyle, dietary characteristics, and personal and family histories of diseases and hospitalizations. With the consent of participants, physicians and students conducted physical examinations and laboratory tests for those participants invited to the clinic. A 12-lead ECG was also performed for each participant, and 2 cardiologists evaluated the results in a blinded manner.
Blood Sampling and Analytical Methods
All venous blood samples drawn after a 12-hour overnight fast were immediately refrigerated and transported within 6 hours to National Taiwan University Hospital. Serum samples were then stored at Ϫ70°C before the batch assay for levels of total cholesterol, triglyceride, LDL-C, HDL-C, apoA-I, apoB, and lipoprotein(a) [Lp(a)]. Standard enzymatic tests for serum cholesterol and triglyceride were used (Merck 14354 and 14366, respectively). HDL-C levels were measured in supernatants after the precipitation of specimens with magnesium chloride phosphotungstate reagents (Merck 14993). LDL-C concentrations were calculated as total cholesterol minus cholesterol in the supernatant by the precipitation method (Merck 14992). ApoA-I and apoB concentrations were measured by turbidimetric immunoassay with the use of commercial kits (Sigma). Lp(a) was determined by enzyme-linked immunosorbent assay (Organon) regardless of isoforms.
Cohort Follow-Up and Data Verification
The study team conducted biennial follow-up household visits with the study participants, and death certificates were reviewed monthly at the local vital statistics office. The cardiologists conducted conferences and discussions to clarify causes of events and deaths, without knowledge of the status of subjects. When there was disagreement about the diagnosis, a neurologist was consulted. The diagnosis was categorized as unclassified if it was controversial. The consistency of diagnoses was maintained by regular discussion among the same committee members and by hospital document verification.
Data analyses were limited to those who were free of stroke at the baseline study (nϭ3514); 88 persons with a history of stroke events before the baseline survey were excluded in the initial cohort. The incidence of stroke was defined as a sudden neurological deficit of vascular origin that lasted Ͼ24 hours. Transient ischemic attacks were not included in this study.
To ensure the quality of diagnosis of stroke, a committee was established to review cases of stroke. All preliminary diagnoses, medical records, death certificates, and interviews with patients' relatives for related events were presented to this committee. The cases were confirmed by internists.
Hypertension was defined according to the criteria established by the sixth report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 13 Persons with systolic blood pressure Ͼ140 mm Hg and/or diastolic blood pressure Ͼ90 mm Hg and/or receiving antihypertensive medication were considered hypertensive. Diabetes mellitus was defined as fasting blood sugar levels Ͼ126 mg/dL or use of oral hypoglycemic agents or insulin injections. 14 Obesity was defined as body mass index Ͼ26.4 kg/m 2 .
Statistical Analysis
Mean and SD values for continuous variables and contingency tables for binary data are presented. Student's t test and 2 test were initially used to test the difference between stroke and nonstroke groups. Sexand age-specific incidence rates of stroke were calculated with the use of person-years on the basis of the follow-up periods of individuals eligible for this study. 15 Female-to-male rate ratios were calculated for age groups stratified by 1 decade (35 to 44, 45 to 54, 55 to 64, 65 to 74, and Ն75 years). RRs of stroke events and 95% CIs were estimated by fitting a Poisson regression model. 16 A Cox proportional hazards model 17 was also applied to estimate the RRs and 95% CIs for various covariates. One-way ANCOVA with adjustment for age was used to compare the mean values of continuous variables by stroke status. Logarithmic transformation was performed because of skewed distribution in triglyceride and Lp(a) values. All continuous variables were standardized to a mean of 0 and SD of 1 to compare the relative effects on stroke events. Multiple linear regression by the Cox proportional hazards model, with adjustment for age and sex, was fitted to estimate risk ratios of highest to lowest quartiles of various lipid and apolipoprotein values. Hypertension and diabetes mellitus were also included in the models for the estimation of RRs of apoA-I and apoB for stroke. Interaction items between hypertension and apoA-I and apoB were estimated in the model. Because of the negative interaction of age and sex on stroke rates, the interaction of age and sex was also included. Age was input as a continuous variable in the model, and smoking, hypertension, and diabetes status were stratified as binary variables. Data analysis was performed with SAS/STAT software (SAS Institute Inc, version 6.11). 18 
Results
Basic Characteristics
As of the end of 1998, with a follow-up rate of 89.7% in a 9-year period (mean, 7.0 years; median, 7.5 years), 46 persons died as a result of stroke events and another 51 persons suffered stroke events for the first time. These 97 persons were considered to have experienced stroke events (53 in men, 44 in women). The estimated rates from stroke events were 4.67/1000 person-years for men and 3.32/1000 person-years for women. The age-specific stroke rates during the follow-up period increased exponentially from 0.71/1000 person-years in the group aged 35 to 44 years to 16.49/1000 person-years for the group aged Ն75 years for men and from 0.00 to 22.83/1000 person-years for women with corresponding ages (Figure) . The age-specific female to-male rate ratio increased as age increased from 0.42 in the group aged 45 to 54 years to 1.38 in the oldest age group (Ն75 years). A crossover change in the age-specific ratio appeared between the group aged 55 to 64 years (rate ratioϭ0.35) and the group aged 65 to 74 years (rate ratioϭ1.31).
Comparison of Lipids, Blood Pressure, and Body Mass Index Between Persons With and Without Stroke Events
Compared with persons free of stroke, those with stroke events were significantly older and had higher systolic and/or diastolic blood pressure. They also had higher cholesterol and LDL-C values at borderline significant levels and were more likely hypertensive and diabetic (Table 1) . Triglyceride, HDL-C, Lp(a), apoA-I, and apoB levels were higher in the stroke group, but this was not statistically significant. After adjustment for age, differences between the stroke and nonstroke groups were significant only for systolic and diabolic blood pressure (data not shown).
Distribution of Selected Lipids and Lipoprotein Values and RRs of Stroke Events
The quartile values of various lipids and lipoproteins and RRs of highest versus lowest quartiles are described in Table 2 . After adjustment for age and sex, the RRs were significant only for apoA-I (RRϭ1.99; 95% CI, 1.18 to 3.35) and apoB levels (RRϭ2.13; 95% CI, 1.08 to 4.20). Other lipids and lipoproteins were not significant risk factors for stroke.
When the interaction items hypertension and apoA-I or apoB were included together with the interaction of age and sex in Cox proportional hazards regression models, apoA-I and apoB had minor positive effects on stroke events in both sexes ( Table 3 ). The interaction of hypertension and apoA-I level had a significant positive effect on stroke risk in men (RRϭ1.71; Pϭ0.033) but a moderate effect in women (RRϭ2.29; Pϭ0.071). We also found, in an additional analysis separating hypertensive from normotensive subjects, that apoA-I was a significant risk factor in the hypertensive group (RRϭ1.81; PϽ0.001) but not in the normotensive group (RRϭ1.09; Pϭ0.542) (data not shown). ApoB was not a significant risk factor for either the normotensive or hypertensive group (RRϭ1.07 and RRϭ1.34; Pϭ0.647 and Pϭ0.160, respectively).
Incidence rates of stroke events in the study population by sex and age groups in the Chin-Shan community. 
Discussion
This study was the first report of stroke events in a community-based prospective cohort of the Chinese population in Taiwan. The unique and novel aspects of this study were the population examined and the interaction factors associated with stroke events in a longitudinal follow-up. Our study did not specify stroke type as infarction or hemorrhage and included several types of vascular disorders of the brain with different etiologies. Because no local hospital was available for this community, only a conservative diagnosis was noted. The diagnoses of definite cerebral hemorrhage and cerebral infarction decreased after late 1986 in Taiwan. 19 Imaging studies, such as CT, were not available in this suburban area. The diagnosis of stroke is not very reliable in population studies because of the limited use of imaging and insufficient participation by qualified neurologists. Completely accurate ascertainment by type of stroke is not possible in epidemiological studies, even in welldeveloped countries. Therefore, stroke defined by clinical observation has proved to be reliable for total case definition and collection. 20 Some epidemiological studies of stroke, such as the Goteborg and Copenhagen studies, also include a few hemorrhagic strokes and unspecified strokes. 21, 22 In our study all types of stroke event were included as outcome, although there was heterogeneity in the subtypes of stroke.
Age had different impacts on stroke events in both sexes. The accelerated increase of stroke incidence rates for elderly women may indicate the effects of menopause on stroke events. Other studies also showed that women after menopause had risks of cardiovascular events comparable to those of men. 23, 24 The effect of cholesterol levels on the risk of stroke events remains controversial. 25 The Honolulu Heart Program revealed a significant inverse association between cholesterol and cerebral hemorrhage. 26 However, the Multiple Risk Factor Intervention Trial (MRFIT) found insignificant associations with intracranial hemorrhage, observed from the 6-year follow-up. 27 Increased lipid levels, such as cholesterol, triglyceride, and LDL-C, have not predicted cerebral infarction in several population-based cohort studies. 28 -30 Increased serum lipid levels have generally not been associated with an increased risk of stroke, except for men aged Ͻ60 years. 31 No consistent association was found regarding the roles of apoA-I and apoB in the pathogenesis of stroke events. Avogaro et al 32 considered apolipoprotein levels more discriminative than lipid and lipoprotein levels in the prediction of cardiovascular disease. Durrington et al 33 also indicated that serum apoB is more significant in the development of cardiovascular diseases. ApoA-I may improve HDL-C in reducing the risk of coronary heart disease. 34 However, the Physician's Health Study 35 found no significant role for apoA-I and apoB in the prediction of myocardial infarction. In this study we found that apoA-I was a significant risk factor for a stroke event, in contrast to previous studies. Lamarche et al 36 concluded that apoB was an independent risk factor for ischemic heart disease. ApoB can be considered in terms of number of atherogenic particles in plasma. The study of Pedro-Botet et al 1 showed that apoA-I levels were higher in the ischemic stroke group. Woo et al 2 studied 304 Chinese acute stroke patients and found that HDL-C and apoA-I were protective factors. Unfortunately, when they dissected the data into binary groups, no protective effect of apoA-I was demonstrated.
In this study we could not identify HDL-C as a protective factor for stroke. We have included various types of stroke in this study, and the effects of HDL-C varied in different subtypes of stroke. The sample size might be inadequate as well. The role of HDL-C in stroke deserves further investigation in the Taiwanese population.
It has been suggested in a longitudinal study that Lp(a) may be an independent risk factor for stroke. 37 However, Lp(a) concentration in other studies failed to independently predict stroke-related events. 38, 39 Lp(a) was considered a weak risk factor for stroke in men and was not considered a significant risk factor for stroke in women in a communitybased cohort of 9936 persons in Olmsted County, Minneso- ta. 40 We also did not identify Lp(a) as a convincing risk factor in the pathogenesis of a stroke event.
The important role of hypertension in the pathogenesis of stroke events, including both cerebral hemorrhage and cerebral infarction, has been well established. This study also demonstrated a high impact of hypertension on stroke. The RR of hypertension on stroke determined in our study was similar to that suggested by others, at approximately 2.5 to 3.0. 25 Further analysis of the interaction between hypertension and apoA-I level has demonstrated that apoA-I is a risk modifier for the pathogenesis of stroke events in men. Pedro-Botet et al 1 and Airo et al 8 demonstrated that apoA-I levels in stroke patients are similar to those in normal controls. They noted that apoA-I was not always protective for stroke events. Furthermore, complex mechanisms are involved in the apoA-I-regulated HDL-C effect on atherosclerosis. Certain genetic disorders, such as cholesteryl ester transfer protein deficiency, induce elevated apoA-I levels without definite protection in regard to stroke. 41 Improvement of blood pressure control is protective for stroke events.
Consistent with other studies, this study also established diabetes as a risk factor for stroke. In community-based studies of various countries, diabetes has been shown to be a risk factor for stroke. [42] [43] [44] [45] Diabetes results in progression of the atherosclerotic process, and aggressive control of diabetes is therefore important for the prevention of stroke.
Study Limitations
This study used a community-based cohort established in a suburban area near the largest metropolitan area in Taiwan. The socioeconomic status of the cohort members may be different from that of an urban population. However, on the basis of educational level and age distribution, this cohort is similar to the general population in Taiwan of similar age.
Because the death registry system in Taiwan is well established, we should have recovered all deaths that occurred in the cohort. However, the mortality rate may be slightly overestimated because 10.3% of persons who were lost to follow-up were censored in the 9-year mortality calculation. Because of the low incidence of cardiovascular disease events in the Chinese, a longer follow-up period will measure the mortality rate with greater accuracy and will allow estimation of the subtle effects of dyslipidemia on mortality.
Stroke events that are traced from hospital sources, nursing homes, and death certificates may lead to inconsistent results. Consistent diagnoses and verification of events are highly important for case identification. Our study team consistently collected measurements of risk factors. The variation in stroke diagnosis may not affect the estimation of risk to a significant level in this study. The current paradigm suggests that cholesterol has different effects on stroke types. 27 However, for those who do not die in the hospital, type of stroke is usually not documented by general community practitioners in Taiwan. After extensive inquiry, 30% of stroke cases in this study lack adequate medical documentation regarding the type of stroke. This disadvantage limits the ability of analysis to separate ischemic strokes from hemorrhagic strokes.
Additionally, false inference of multiple comparisons should be taken into consideration. In this study we limited the number of analyses and only focused on lipid profiles to prevent exaggeration of a type I error. In the first analysis, the comparison was conducted with only average values between the stroke and nonstroke groups. This analysis showed that apoA-I was a moderate risk factor. Further analyses in which stratified methods were used revealed that apoA-I was a significant risk factor for stroke only in men.
Conclusions
This study demonstrated that apoA-I is a significant effect modifier of stroke events in a longitudinal cohort study of a Chinese population. Aggressive intervention and treatment of risk factors should emphasize hypertension and diabetes control in decreasing stroke events in the Chinese.
